Physical activity is an important factor in healthy aging and has been shown to reduce depressive symptoms. This association, however, is relatively understudied in older men. This study was a cross-sectional analysis of the association between physical activity (Active Australia Survey) and psychological distress (Kessler-10). Participants were a sample of 17,689 men age ≥65 yr drawn from a large-scale Australian cohort study of people age 45 years and over (The 45 and Up Study). The likelihood of reporting high or very high levels of psychological distress decreased with increasing weekly sessions of physical activity. Compared with participants reporting no sessions of physical activity, the fully adjusted odds ratio for high or very high psychological distress was .66 (95% CI .51-.85) for men who undertook 1-6 sessions of physical activity per week and decreased to .57 (95% CI, .43-.79) for men who reported 16 or more weekly sessions. The cross-sectional findings show that older men who are more active are less likely to report psychological distress, regardless of their level of functional limitation. Further research, informed by these findings, is required to investigate causal pathways and the temporal sequence of events.
of completed suicide are substantially higher in men (Cochran & Rabinowitz, 2000; Möller-Leimkühler, 2002) . Findings suggest that suicide rates in later life are higher than those in any other age group and that rates of completed suicide (those resulting in death) are particularly high in older men (Cochran & Rabinowitz, 2000; Conwell, Duberstein, & Caine, 2002) . Research into depression in the male population, with particular focus on older men, is, however, relatively scarce.
There is evidence that participation in regular physical activity has the potential to improve mental health (Dunn, Trivedi, Kampert, Clark, & Chambliss, 2005; Paluska & Schwenk, 2000) and lower the risk of a range of noncommunicable diseases such as cardiovascular disease, diabetes, and some cancers (Boutayeb & Boutayeb, 2005; Hardman, 2001; Popkin, 2006; Wilmore & Costill, 2003; World Health Organization, 2009 ). Several studies have demonstrated an association between higher levels of physical activity and lower prevalence of depression (Dunn et al., 2005; Hassmén, Koivula, & Uutela, 2000; Mather et al., 2002; Ruuskanen & Ruoppila, 1995; Strawbridge, Deleger, Roberts, & Kaplan, 2002) . These studies, however, have in general been small in scale and have taken only a limited number of potential confounding and mediating factors into consideration.
The primary aim of the current study was to investigate the association between levels of physical activity and psychological distress in older men, after adjusting for a wide range of demographic and health-related factors. It is to be expected that experiencing some degree of functional limitation would have a detrimental impact on participation in physical activity and may also have the potential to negatively affect mental health. A secondary aim of this study was, therefore, to examine the potentially confounding nature of the functional-limitation variable on the association between physical activity and psychological distress. To do this, we performed two multivariable logistic-regression models and only included the functional-limitation variable in one.
Methods
Data for this study were drawn from the 45 and Up Study, a large-scale cohort study that includes around 266,848 individuals from across New South Wales (NSW), the most populous state in Australia. The methods used in the 45 and Up Study are described in detail elsewhere (45 and Up Study Collaborators et al., 2007) . In summary, participants were randomly sampled from the national universal health insurance (Medicare Australia) database. The study oversampled individuals age ≥85 years and people resident in rural areas (45 and Up Study Collaborators et al., 2007) . Participants joined the 45 and Up Study by completing a mailed selfadministered questionnaire (available at http://www.45andup.org.au) and providing informed written consent for long-term follow-up. Ethical approval for the study was provided by the University of New South Wales Human Research Ethics Committee (approval number 05035). Reciprocal ethics approval for use of the baseline questionnaire data in the current study was provided by the University of Western Sydney Human Research Ethics Committee (UWS Protocol number H8793). Recruitment of participants began in February 2006. Data drawn from the first 103,042 participants, who were recruited before July 2008, were available for the current analysis.
Test Instruments
The 45 and Up Study baseline questionnaire captured information on a broad range of health variables and potential underlying determinants of health, including physical activity, housing location, income, educational levels and qualifications, functional limitation, and psychological distress.
Elements of the Active Australia Survey (Australian Institute of Health and Welfare, 2003) were used to assess physical activity. Questions in this survey related to an individual's participation in different types of physical activity, with a reference period of the previous week. A session of physical activity was defined as walking continuously for at least 10 min (for recreation or exercise or to get to or from places), vigorous physical activity (that made you breathe harder or puff and pant, such as jogging, cycling, aerobics, and competitive tennis but not household chores or gardening), and moderate physical activity (like gentle swimming, social tennis, vigorous gardening, or work around the house). Participants indicated the number of times, as well as the total time (in minutes), they participated in each of these different types of activity. A weighted weekly average number of physical activity sessions was calculated by summing total number of sessions, with vigorous-activity sessions given a weighting factor of 2, compared with walking and moderate sessions (Australian Institute of Health and Welfare, 2003) . Physical activity sessions were divided into zero and quartiles of 1-6, 7-10, 11-15, and 16 or more sessions per week. The Active Australia Survey has been found to have acceptable test-retest reliability and has been used in a number of Australian population health surveys (Brown, Trost, Bauman, Mummery, & Owen, 2004) .
Physical activity was categorized into sessions, as opposed to total time spent (minutes/hours) for each activity to ensure consistency across different versions of the 45 and Up Study baseline questionnaire. The layout of the Active Australia questions and responses in the questionnaire was changed slightly over the recruitment period to try to reduce the number of missing responses and to make it consistent with other surveys. The wording of the physical activity questions across the different versions altered the distribution of responses in terms of minutes and hours but did not affect the distribution of total sessions of physical activity (Banks, Jorm, Rogers, Clements, & Bauman, 2010) . Previous studies have demonstrated that weekly sessions of physical activity are predictive of mental health outcomes, including psychological distress and dementia, in older adults (Hamer, Stamatakis, & Steptoe, 2009; Larson et al., 2006) .
Psychological distress was evaluated using the Kessler-10 scale (K-10; Kessler & Mroczek, 1994) . The K-10 consists of 10 items designed to assess the occurrence of negative emotional states, including depressive symptoms and anxiety, in the previous 4 weeks. Participants were asked about the frequency (over the past 4 weeks) of feeling tired out for no good reason, nervous, so nervous that nothing could calm them down, hopeless, restless or fidgety, so restless that they could not sit still, depressed that everything was an effort, so sad that nothing could cheer them up, and worthless (Kessler & Mroczek, 1994) . The total score was categorized into one of four groups: Low psychological distress was indicated by a K-10 score of 10-15, while moderate psychological distress was indicated by a score of 16-21. A K-10 score of 22-29 indicated high psychological distress, and very high psychological distress was indicated by a score of 30 or higher (Kessler & Mroczek, 1994) . The K-10 has been found to be a reliable and valid instrument, with good sensitivity and specificity for identifying current depression in population surveys (Cairney, Veldhuizen, Wade, Kurdyak, & Streiner, 2007; Spies et al., 2009) .
Location of residence was categorized according to the accessibility/remoteness index of Australia Plus (ARIA+), which distinguishes five categories of remoteness according to road distance from service centers (Australian Institute of Health and Welfare, 2004b) . Participants in the current study were categorized as either urban (including major cities' inner regional areas) or rural (outer regional, remote, and very remote areas).
The 45 and Up Study used self-reported measures of weight and height to estimate body-mass index (BMI) as weight (kg) divided by height squared (m 2 ). The BMI categories used in this study follow those set by the World Health Organization (2006): underweight BMI <18.5 kg, normal weight 18.5-24.9 kg, overweight 25.0-29.9 kg, and obese ≥30.0 kg.
Functional limitation was measured by the Medical Outcomes Study Physical Functioning scale (Stewart & Kamberg, 1992) . This scale assesses the extent of limitation in everyday physical activities including vigorous activities (e.g., running); moderate activities (e.g., pushing a vacuum cleaner); climbing several flights of stairs; walking 100 m; bending, kneeling, or stooping; and bathing or dressing (Stewart & Kamberg, 1992 Data on other variables of interest were obtained through the participants' selfreported responses to a range of questions in the baseline questionnaire. Participants were asked to indicate their usual yearly pretax household income from all sources, as well as their highest educational qualification and current employment status, from a number of possible options. They were asked to indicate whether they had any form of health insurance or concession, apart from Medicare, the national health insurance for Australians. Alcohol consumption was assessed by asking participants to record the number of alcoholic drinks they consumed each week, and smoking status was determined by asking participants whether they were regular smokers and if they had been regular smokers in the past. Participants were asked to record their country of birth and whether they spoke a language other than English at home.
Statistical Analysis
Differences between high to very high and low to moderate psychological distress were assessed using the chi-square test. A series of multivariable logistic-regression models was built to ascertain independent risk factors predictive of psychological distress. Risk factors that were significant at the 5% level, based on the likelihoodratio chi-square test, were retained in the final model, as was geographic remoteness. Two multivariable logistic-regression models were produced for the outcome of high or very high psychological distress (K-10 score ≥22): one that included and one that excluded the functional-limitation variable. This allowed investigation of how including functional limitation in the model affected the association between psychological distress and physical activity, providing some insight into possible causal pathways. Interaction terms of physical activity and other demographic variables were added to the model to test their significance and to determine whether association between physical activity and psychological distress was mediated by other factors. A trend test was carried out among the physical activity odds ratios (OR). All adjusted ORs presented in the results include adjustments for functional limitation unless stated otherwise. Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 17.0.
Results
Of 22,501 men age 65 years and older in the available data set, 4,812 were excluded because of missing data for the psychological-distress variable, leaving a sample of 17,689 for analysis. The mean age of participants included in this analysis was 74.4 (± 6.7) years, and the mean BMI was 26.5 (± 3.98) kg/m 2 . Demographic information on the study sample is presented in Table 1 . Of these, 877 (5.0%) recorded a K-10 score of 22 or higher (high or very high psychological distress).
Overall, 6.8% of men age ≥85 years reported high or very high levels of psychological distress. The proportions of men age 65-74 and 75-84 years reporting high or very high levels psychological distress were similar (4.7% and 4.8%, respectively). There were significant differences between the two psychological-distress groups with regard to all demographic variables listed in Table 1 except for geographic remoteness. A total of 4.7% of participants reported that they undertook no sessions of physical activity, 26.1% reported 1-6 sessions, 28.7% reported 7-10 sessions, 22.3% reported 11-15 sessions, and 18.1% reported 16 or more sessions each week ( Table 2 ). The number of sessions of physical activity per week varied significantly with both age (χ 2 = 497.28, p < .001) and rurality (χ 2 = 64.97, p < .001). More than seven sessions of physical activity per week were reported by a greater proportion of men who were resident in outer regional, remote, and very remote areas (71.8%) than of those who were resident in major cities and inner regional areas (68.5%), indicating that participants in rural areas were more frequently active. The proportion of participants reporting no physical activity increased with increasing age, from 3.1% of men age 65-74 years through 5.6% of those age 75-84 years to 12.9% of those age ≥85 years. Consistent with this, the proportion of study participants reporting more frequent sessions of physical activity (16 or more sessions/week) decreased with increasing age, from 19.9% of men age 65-74 years through 16.5% of those age 75-84 years to 12.2% of those age ≥85 years. Table 3 presents the results of the multivariable logistic-regression model both including the functional-limitation variable (OR fully adjusted) and excluding it (OR adjusted). The fully adjusted results are reported unless stated otherwise. There was a significant difference between participating in no sessions of physical activity (reference category) and participating in at least one to six sessions of physical activity in the past week. Compared with men who engaged in no sessions of physical activity in the previous week, those who engaged in one to six sessions were 34% less likely to report high or very high levels of psychological distress (OR .66, 95% CI .51-.85). Men engaging in 7-10 sessions were 39% less likely to report high or very high psychological distress (OR .61, 95% CI .47-.80), while those engaging in 11-15 and 16 or more sessions of physical activity were 37% Note. LOTE = language other than English. Percentages do not consistently total to 100 due to missing values.
a Proportion within each psychological-distress category (column %). b
Proportion within each of the demographic categories (row %). 
Discussion
This study is among the first to establish an association between physical activity and psychological distress in older men and, to our knowledge, had the largest sample size of any such study to date, allowing investigation of the independent contributions of a wide range of exposure variables. It has demonstrated a significant association between level of physical activity and psychological distress, even after adjusting for a number of potentially confounding variables including functional limitation and BMI. Participants who reported zero sessions of physical activity (reference category) were most likely to experience high or very high psychological distress, and this likelihood decreased significantly with participation in any sessions of physical activity (that is, at least one to six sessions in the previous week). The likelihood of experiencing high or very high psychological distress decreased further with more frequent (up to ≥16) sessions of physical activity. The proportion of participants reporting 16 or more sessions of physical activity was unexpectedly high (18.1%), and this may have been due to the way that questions on physical activity were structured. Questions using self-report measures, particularly for behaviors such as physical activity and dietary intake, can often be misinterpreted or under-or overreported and can also be influenced by issues such as social-desirability bias (Adams et al., 2005; Klesges et al., 1990) .
It is difficult to draw accurate comparisons between these findings and those generated by other studies, as a wide range of instruments have been used to measure the key variables of interest. Nonetheless, they are broadly consistent with findings of other studies (Lampinen, Heikkinen, & Ruoppila, 2000; Ruuskanen & Ruoppila, 1995; Strawbridge et al., 2002) . Ruuskanen and Ruoppila, for example, found a significant cross-sectional association between participation in regular physical activity, depression, and psychological well-being in a cohort of men and women age 65-84. Another study, by Lampinen et al., examined physical activity as a predictor of depressive symptoms in people age 65 and over. Results of that study found that, compared with those remaining active or increasing physical activity over the 8-year study period, participants who decreased the intensity of their physical activity reported a greater number of depressive symptoms. After controlling for a number of factors (including socioeconomic factors and physical functioning), physical activity at baseline was shown to be a predictor of depressive symptoms. The current study has presented the results of a cross-sectional analysis of the 45 and Up Study baseline questionnaire. Although it is not yet possible to establish potential predictors for the onset of psychological distress, further analyses using follow-up data will provide the opportunity to do so. Strawbridge et al. (2002) conducted both cross-sectional and longitudinal analyses on a sample of 50-to 94-year-old adults. After adjusting for a range of variables, they observed a cross-sectional association between physical activity and depression, and results of the longitudinal analyses revealed a protective effect of physical activity against depression. As with the results of the current study, that study indicated a strong association between limited physical functioning and depression.
The current study found a decreasing trend in participation in physical activity with increasing age, and this trend has also been reported by others. In 1998 and the period 2002-2005, trends in sufficient physical activity of people in NSW decreased linearly with increasing age (Chau, Smith, Chey, Merom, & Bauman, 2007) . Findings were also consistent with those from the 2008 NSW Population Health Survey (Centre for Epidemiology and Research, 2009) . Compared with younger men, a significantly lower proportion of men age 65-74 years (52.4%) and 75 years or over (43.5%) reported partaking in sufficient levels of physical activity. Thus, this study was consistent with a range of other population studies that have reported an age-related decrease in physical activity due to factors including reduced physical functioning.
Participants in the current study reporting one to six sessions of physical activity may not have undertaken sufficient physical activity (at least 150 min/ week), conducive to health benefits, as recommended by the National Physical Activity Guidelines (Department of Health and Ageing, 1999) . Participation in at least one to six sessions of physical activity in the previous week was, however, significantly associated with a decrease in the likelihood of experiencing high or very high levels of psychological distress. This could suggest a possible association between more frequent physical activity (even in the possible absence of reaching the recommended amount) and psychological distress. Compared with walking and moderate activity, vigorous physical activity was given a weighting of 2, so this association may have also been influenced by the intensity of the physical activity.
It is to be expected that experiencing some degree of functional limitation would have a detrimental impact on participation in physical activity, as well as being an important contributor to depressive symptoms. Functional limitation was only included in one of the two multivariate logistic-regression models to assess the potentially confounding nature of this variable. There were important differences between the two models, particularly in relation to the effects of BMI, work status, sessions of physical activity, and age. In both models, the level of physical activity reported by participants was significantly associated with psychological-distress levels, but the significance level of this association varied (including functional limitation, p = .011; excluding functional limitation, p < .001). Including the functional-limitation variable attenuated the association between physical activity and psychological distress: The OR for one to six sessions of physical activity was .66 in the model including functional limitation, compared with .42 in the model excluding functional limitation. This suggested that part, but not all, of the association between physical activity and psychological distress was mediated through functional limitation.
Of the total study population, 58.4% of men were overweight or obese. BMI was only significantly associated with psychological distress in the multivariable model that excluded functional limitation. In this model, men who were underweight were almost twice as likely to report high or very high levels of psychological distress as those in the normal-BMI category. This trend may be reflective of ill health or the onset or progression of chronic disease. The likelihood of experiencing high or very high psychological distress was also significantly higher in those who were classified as obese in the multivariate model that excluded functional limitation. These findings suggest that the influence of BMI on psychological distress might be mediated through its relationship with functional status. Both people who are underweight and those who are obese tend to have lower functional capacity than people in other BMI categories.
Another noteworthy difference between the two multivariable logistic-regression models was the variation in the relationship between psychological distress and age. After we adjusted for factors including functional limitation, age was associated with a significant decrease in reporting high or very high levels of psychological distress. When functional limitation was excluded from the model, however, age was no longer significant (p = .63) and the difference in ORs was more modest. This may also be accounted for by the heightened presence of chronic illness and decreased physical functioning in the older population, also indicated by the difference in crude and adjusted ORs. These findings suggest that the association between increasing age and increasing levels of psychological distress might be largely explained by the decline in functional status with age.
The findings of this study must be viewed in light of the relative strengths and limitations of the study design. The large sample of older men available through the 45 and Up Study was an important strength of the study. Empirical data from the 45 and Up Study show that relative risks relating to a wide range of exposures and outcomes in the cohort are very similar to those calculated using contemporaneous independent data from a population-based sample survey (Mealing et al., 2010) . However, the 45 and Up Study baseline questionnaire was only available in English. Our analyses demonstrated a significant increase in the likelihood of reporting high or very high psychological distress in men who were born overseas and also spoke a language other than English at home. In comparison, men who were born overseas but spoke English at home were substantially less likely to report high or very high psychological distress. This finding may indicate the impact of language barriers or difficulty acculturating into Australian society on psychological distress (Caplan, 2007; González, Haan, & Hinton, 2001; Rivera, 2007) . Our data are likely to underestimate this effect, given the exclusion of people who were unable to complete the questionnaire in English.
Self-report measures of physical activity are commonly used in large-scale epidemiologic studies due to their efficiency and practicality (Adams et al., 2005; Dishman, Washburn, & Heath, 2004) . The Active Australia Survey has been shown to have acceptable test-retest reliability (Brown et al., 2004) and to have acceptable validity in a sample of older Australians (Heesch, Hill, van Uffelen, & Brown, 2011) . The reference period for the questions used in the 45 and Up baseline questionnaire was 1 week, and while this may not necessarily be indicative of usual participation in physical activity, this measure provides a proxy for overall population levels of physical activity. The use of sessions per week of physical activity, rather than time spent in various types of activity, was a potential limitation of our study. However, an analysis using data from the 45 and Up Study confirmed good predictive value of sessions per week for sufficient physical activity (participation for at least 150 min in activities of at least moderate intensity accumulated over at least 5 days/week) by testing with a receiver-operating-characteristic curve (area under the curve = 85.6%; Banks et al., 2010) . This suggests that sessions per week is an appropriate proxy for physical activity measures that combines both time and intensity.
Cross-sectional analyses, such as in the current study, where information on outcomes and exposures are collected at a single point in time can only assess the presence of an association between the main variables. Because of the lack of a time dimension, we were not able to establish potential cause-and-effect relationships with these data. Nonetheless, the findings of the current study indicate that levels of both physical activity and functional limitation among older men are strongly and significantly associated with higher levels of psychological distress. Public health interventions targeting an older population should emphasize the importance of physical activity as a means of improving or maintaining physical function, as well as overall physical and mental health.
While a causal relationship cannot be determined from these cross-sectional findings, the overall trend in sessions of physical activity suggests a possible doseresponse association between increasing levels of physical activity and lower levels of psychological distress. Further research, informed by these initial findings, is now required to determine causal pathways and the temporal sequence of events. The 45 and Up Study will collect data at least every 5 years through follow-up questionnaires. Data obtained through this series of questionnaires will allow for the relationship between levels of physical activity at baseline, the subsequent experience of psychological distress, and the potentially mediating role of functional limitation to be explored over time.
